Introduction
An important mechanism for mixing and transporting fluids is peristalsis which is generated by a progressive wave of contraction or expansion moving on the wall of the tube. The continuous periodic muscular oscillations of the ducts pumped the physiological fluids in animal and human bodies. The progressive transverse contraction waves that propagate along the walls of the ducts causes these oscillations. Peristaltic flow occurs widely in the functioning of the ureter, food mixing and chime movement in the intestine, movement of eggs in the fallopian tube, the transport of the spermatozoa in cervical canal, transport of bile in the bile duct, transport of cilia, and circulation of blood in small blood vessels [1] . Peristaltic flows have been the subject of many researchers because of its applications in physiology and industry. Akram et al. [2] have obtained numerical and analytical solutions of the peristaltic flow of Williamson fluid in the occurrence of induced magnetic field. The effects of entropy and induced magnetic field for the peristaltic flow of copper water fluid in the asymmetric horizontal channel have been investigated by Akbar et al. [3] . Nadeem and Akbar [4] discussed the peristaltic flow of Walter's B fluid in a uniform inclined tube. The effects of magnetic field and heat transfer on the peristaltic flow of an incompressible couple stress fluid through porous medium in an inclined asymmetric channel have been studied by Ramesh and Devakar [5] . Eldabe and Abou-zeid [6] discussed the peristaltic transport of a micropolar non-Newtonian fluid through a porous media between two co-axial tubes with heat and mass transfer under long-wavelength assumption.
Hayat et al. [7] analyzed the problem of MHD peristaltic transport of nanofluid in a channel with wall properties in the presence of viscous dissipation, partial slip, and Joule heating effects. Recently, many authors reported analytical and numerical studies of peristaltic flow of Newtonian and non-Newtonian fluids [8] [9] [10] [11] [12] .
The problems heat with mass transfer have achieved great importance in many processes and have, therefore, received a considerable amount of attention in recent years. In processes such as drying, evaporation at the surface of a water body, energy transfer in a wet cooling tower and the flow in a desert cooler, heat and mass transfer occurs simultaneously. Possible applications of this type of flow can be found in many industries. Many practical diffusive operations which involve the molecular diffusion of a species are discussed in [13] . Akbar et al. [14] obtained exact solutions of the problem of heat generation effects on MHD peristaltic motion in permeable tube under the assumption of long-wavelength and low-Reynolds number. Because of the importance of applications of peristaltic flow with heat and mass transfer, many investigators have studied such flows [4, [15] [16] [17] [18] [19] .
Effects of a variable magnetic field on the peristaltic flow of a Jeffrey fluid in a tube are studied by Abd-Alla et al. [20] . They obtained exact analytical solutions of the governing equations which were simplified under the consideration of long wavelength and low Reynolds number approximation. The main aim of this study is to extend the work of Abd-Alla et al. [20] to include the heat and mass transfer equations with the effects of Joule heating, thermal radiation, and internal heat generation. The analytical solutions of these equations are obtained under the assumptions of long wavelength and low-Reynolds number. These solutions are expressed in terms of special functions which involve the physical parameters of the problem. Effects of these parameters on solutions are discussed numerically and graphically to show the relations between parameters and solutions and to show how we can control solutions by changing parameters. We think that this study has a wide range of practical importance in many scientific fields such as biological, chemical, medical, and industrial fields.
Mathematical model
Consider a non-Newtonian fluid saturated between two co-axial annuli with internal radius r 1 and external radius r 2 . The inner tube is uniform and at rest, while the outer tube has a sinusoidal wave traveling. The system is stressed by a varying magnetic field B(r) which acts on the azimuthal direction. A cylindrical co-ordinates system ( , , ) r z θ is considered; the geometry of the wall surfaces is described in fig. 1 and the equations for the radii are:
The constitutive equations for an incompressible Jeffry fluid are given: 
The parameters of flow are independent of the azimuthal co-ordinate θ, so, the velocity is given by V = (u, 0, w). The magnetic field B generated by the electric current J is given by Biot-Savart law:
The governing equations for an incompressible flow in the fixed frame are given [6] :
The boundary conditions are given:
By using Rosseland approximation [21] , the radiative heat flux is given:
it is assumed that the temperature differences within the flow are sufficiently small such that T 4 may be expressed as a linear function of temperature. This is accomplished by expanding T 4 in a Taylor series about T 2 and neglecting higher-order terms, one gets:
The appropriate non-dimensional variables for the flow are defined: In terms of these variables, dropping the star mark for simplicity and taking into account long wavelength and low-Reynolds number approximation, eqs. (6)- (10) 
Thus, the boundary conditions, eqs. (11) and (12), in their dimensionless form read:
Exact solution
This section presents the exact solutions of the system of eqs. (18)- (20) 
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ln ( G are Meijer functions. The mathematical formulas of the constants α 1 -α 28 are not included here. However, they are available upon request from the author.
The instantaneous volume flow rate, in the fixed frame, is given:
where the dimensionless flux,
Now, Nusselt number and Sherwood number at the outer annulus are defined, respectively: Since Abd-Alla et al. [20] have studied in details the effects of flow parameters on the velocity, our interest in this work is to study the influences of various parameters such as Hartman number, the ratio of relaxation to retardation times 1 λ , the radiation parameter R, Eckert number Ec, Prandtl number Pr, Schmidt number Sc and the volumetric rate of heat generation Q 0 only on the temperature T, concentration C, Nusselt number Nu and Sherwood number Sh.
In fig. 2 , a 3-D diagram is drawn to illustrate the effects of radial co-ordinate r and axial co-ordinate z on the temperature T. It is clear from this figure that the temperature decreases with increasing z, while it increases as r increases till a maximum value, and then it decreases till minimum value. The effects of Eckert number and Hartman number on the temperature T which is a function of the radial co-ordinate r are illustrated in figs. alignment of small domains within a specific set of metal. These domains function as all atoms do, thus the temperature affects the movement, weak magnetic field leads to high temperature. In contrast, cold temperature slows the movement (magnetic field strength and low temperatures). Slower movement leads to more fixed directions in terms of the domains. Also, the effect of viscous dissipation manufactures heat due to friction among the fluid particles, this additional force causes an increament of the initial fluid temperature, and then, the buoyant force.
It is also noted that the temperature T increases with r till a definite value r = r 0 (represents the maximum T) and it decreases afterwards. This maximum value of T increases by decreasing M, increasing Ec, and it occurs at another value r > r 0 . It is also observed from fig. 3 , that there is a rise in the temperature due to the heat created by the source. It agrees qualitatively with expectations; since the effect of source and dissipation temperature increases the rate of energy transport to the fluid and accordingly increases the fluid temperature. The results in fig.  3 are consistent with those obtained by Abou-Zeid [8] , Eldabe and Abou-Zeid [6] , and Hayat et al. [7] . The behavior of T with Q 0 is found to be exactly similar to the curves in fig. 4 . The effects of other parameters on the temperature are found to be similar to them, but figures are excluded to avoid any kind of repetition.
The distributions of concentration C within the radial co-ordinate r for various values of Hartman number and the volumetric rate of heat generation Q 0 are exhibited in figs. (5) and (6), respectively. It is seen from figs. 5 and 6, that the concentration increases as M increases, while it decreases as Q 0 increases, but the concentration decreases with the increase of M in a small regions near the boundary of the inner and outer tubes, namely 0.3 ≤ r ≤ 0.35, and 1.1 ≤ r ≤ 1.2 . It is also observed that the concentration for different values of M and Q 0 decreases by increasing r till a minimum value (at a finite value of r : r = r 0 ) after which it increases. The effects of Sc, Ec, and Pr on C are found to be similar to the effects of Q 0 in fig. 6 . Also, the effect of 1 λ on C is found to be similar to the effect of M on C which is illustrated in fig. 5 , with the only difference that the obtained curves are very close to those obtained in fig. 5 , but the figure will not be given there to save space. Tables 1 and 2 , present numerical results for the quantities of Nusselt number and Sherwood number for various values of all parameters when ε is less than 1. It is clear from tab. 1 that an increase in Hartman number and Eckert number gives an increase in the values of quantity Sh but decreases the dimensionless quantity Nu. Also, an increase in the ratio of relax- 
